Intensive study of the infundibulum in congenital and acquired lesions has led to a much better appreciation of the anatomy and function of the right ventricular outflow tract in health and disease. The rapidly spreading practice of replacing severely damaged aortic and mitral valves, together with current interest in subaortic stenosis (Braunwald et al., 1964) have focused attention on the outflow tract of the left ventricle, which is more complex and less well understood than its opposite number on the right side of the heart. The object of this paper is to describe the anatomy of the left ventricular outflow tract, to illustrate its relation to other cardiac structures, and to emphasize the basic importance of the fibrous skeleton of the human heart.
The cavity of each ventricle has a region that is concerned mainly with the inflow of blood from the corresponding atrium and one that is associated with the outflow of blood into either the pulmonary trunk or the ascending aorta. These two parts are now customarily designated the " inflow" and " outflow" tracts of the right and left ventricles. The outflow tracts lie above and in front of the inflow tracts and the walls of their terminal parts tend to be smoother than those of the inflow tracts, which are characterized by the raised muscular ridges of the trabeculte carnem.
SUBAORTIC REGION
The outflow tract of the left ventricle extends upwards from the apex of the chamber to the aortic valve and many names have recently been used to designate its uppermost or terminal part, namely subaortic (Braunwald et al., 1960) , subvalvar (Brock, 1957) , subvalvular (Kirklin and Ellis, 1961) , and vestibule (Luisada, 1961 Anatomy (1964) .
In transverse sections made through the chest about the level of the fourth costal cartilages ( Fig. 1) , it is possible to demonstrate the relative positions of all four chambers of the heart. In such sections the interventricular and interatrial septa are seen to be "in line" with each other and placed at an angle of approximately 450 to the median plane. We consider that it is necessary to appreciate this obliquity of the septa separating the atria and the ventricles in order to understand the clinical anatomy of the heart, since it determines that the right heart lies equally as much in front of the left heart as it does alongside it.
The right and the left hearts differ considerably in the relationship that their inflow and outflow tracts have to each other. In the right ventricle the inflow and outflow tracts lie parallel to the interventricular septum and it is therefore a simple matter, as can be seen in Fig. 2 , to prepare an oblique vertical section that demonstrates the greater part of the right heart. Within the left heart, on the other hand, the blood pursues an entirely different course and direction in its passage from the inflow to the outflow tract of the ventricle. This becomes immediately apparent when it is appreciated that the antero-medial wall of the vestibule or subaortic region is formed by the interventricular septum and the postero-lateral wall by the aortic cusp of the mitral valve. In order to simplify the terminology adopted in this communication, the boundaries of the left ventricular outflow tract will be referred to simply as its anterior and posterior walls. Because the relation between the inflow and outflow tracts of the left ventricle is different from those of the right, a section parallel to the one in Fig. 2 CARDIAC SKELETON In order to appreciate fully the intimate relationship that exists between the aortic and mitral valves, it is necessary to give further consideration to the cardiac skeleton. This is a mass of fibrous tissue that surrounds and separates the valve orifices from which the valve cusps arise. The fibrous skeleton is illustrated diagrammatically in Fig. 5 and in it an attempt is made to indicate the common fibrous origin of the. contiguous parts of the two posterior cusps of the aortic valve and the aortic cusp of the mitral valve to the skeleton. At the rightmost part of this common origin there is an expansion of the fibrous tissue which forms a mass termed the right fibrous trigone. It is within the right fibrous trigone that the well-known os cordis forms in both the ox and the sheep, and it is on account of the continuity which this trigone has with the membranous part of the interventricular septum (Fig. 5 ) that the os cordis reaches downwards into the upper part of the membranous septum.
Likewise other parts of the cardiac skeleton show considerable differences in their structure in different animals and also at different ages. In the horse, for example, true cartilage is a common component of the right fibrous trigone, and there is frequently a similar mass of cartilage in the left trigone, which is at the left. end of that part of the cardiac skeleton which lies between the left posterior aortic cusp and the aortic cusp of the mitral valve (Walmsley, 1929) . So too, in the pig, cartilages are frequently found in these regions, and phylogenetically the structure of this part of the cardiac skeleton appears to be relatively unstable.
In the human heart the proximity between the posterior cusps of the aortic valve and the anterior or aortic cusp of the mitral valve can be equally well demonstrated in prenatal and postnatal hearts of all ages. In our collection of specimens, however, it is best shown in thin sections of full-term foetal hearts (Fig. 6) Fig. 1 . The mitral valve is seen lying at the junction of the left atrium and ventricle, and below the part of the atrium immediately behind the valve there is a funnel-shaped extension of the right atrium into which the coronary sinus opens: the course of the blood in passing from atrium to ventricle is indicated by a red arrow but the ventricular portion of the left heart is limited to its inflow tract, which is richly trabeculated. (Unstained mounted section. x 0-5.) the base of the mitral cusp of the aortic valve. The contiguity of these structures at their attachment to the fibrous skeleton of the heart explains the frequency with which both valves are involved concurrently in disease processes. Though the posterior wall of the aortic vestibule has a truly postero-lateral relationship to the upper part of the outflow tract of the left ventricle, for the sake of simplicity it has been considered appropriate to refer to it simply as the "posterior wall". A major feature of the aortic cusp of the mitral valve is that it does not limit its attachment to its base but is also attached on its medial and lateral sides (Fig. 7) . On the medial (or septal) side, it is attached near the junction of the interatrial septum and the membranous part of the interventricular septum, whereas on the lateral (or mural) side its attachment is in the region of the coronary (atrioventricular) sulcus (Fig. 7) . It is also noticeable that the cusp is thicker in its medial than in its lateral part, and that the medial and lateral attachments extend downwards from the cardiac skeleton for approximately 1 cm., thus forming with the interventricular septum a true fibromuscular canal, whose posterior wall is entirely membranous.
In the lower part of the vestibule, the site of fusion of the smooth-walled aortic cusp and the ridged mural cusp of the mitral valve is readily apparent (Fig. 8a) , and further evidence of the difference in form of the two cusps is seen when a section is made below the line of fusion of the cusps and where they are seen to exist as separate entities (Fig. 8b) (Fig. 9a) , and it is only a short distance below the right posterior aortic cusp that LE the medial wall of the right atrium gains attachment to the membranous septum. The membranous part of the interventricular septum is an integral part of the cardiac skeleton (Fig. 5) , and it is consistent with this morphological feature that the muscular fibres of the right atrium are attached to it. The right posterior (non-coronary) cusp of the aortic valve, which is the lowest in position of the three aortic cusps, is also seen in Fig. 9a (Fig. 9a) , whereas in other regions it is attached directly to the membranous part of the septum (Fig. 9b) view of the attachment of the septal cusp of the tricuspid valve to the membranous interventricular septum, it is not surprising that some defects in the membranous portion of the interventricular septum will be of the type described by Buhl (1854) , where the left ventricle communicates directly with the right atrium and a left-to-right shunt will be detected at atrial level. Fig. 9b also demonstrates the manner in which a true interventricular defect in the membranous septum may result in a left ventricular to right atrial shunt in those rare cases when there is also a cleft.in the septal cusp of the tricuspid valve through which arterialized blood passes upwards into the right atrium (Gutzeit, 1922) . The same figure also explains the variant described by Perry, Burchell, and Edwards in 1949 when they reviewed congenital communications between the left ventricle and right atrium, in which the edges of the split in the septal cusp of the tricuspid valve had become closely adherent to the margins of the defect in the membranous part of the interventricular septum.
An additional important element in the anterior wall of the aortic vestibule is the atrio-ventricular bundle, which, shortly after its origin from the A-V node, lies at the junction of the membranous and muscular parts of the interventricular septum (Fig. 10) . The bundle is usually separated from the muscular part of the septum by a well-developed mass of fibrous tissue and in its course forwards and upwards along the lower part of the membranous septum divides into its right and left bundles. These conducting pathways are, therefore, exposed to special risks during surgical procedures involving the interventricular septum and the subaortic region.
A feature of the membranous part of the interventricular septum, to which insufficient attention appears to have been given in the past, is the continuity of this part of the septum with the right side of the ascending aorta. This relation of the right wall of the ascending aorta and the membranous interventricular septum can be demonstrated convincingly in coronal sections of the chest, such as those illustrated in Fig. 11 cusp is seen to lie at a considerably lower level than the left posterior (left coronary) cusp. In such coronal sections also, it will be noted that whereas the posterior wall of the aortic vestibule is formed by the aortic cusp of the mitral valve, it is the most posterior part of the anterior wall that is partly constituted by the membranous part of the interventricular septum ( Fig. 7 and 12 ). If transverse sections are made through the aortic vestibule, it is also possible to demonstrate the attachment of the septal cusp of the tricuspid valve to the membranous part of the interventricular septum. As can be seen in Fig. 13 , it is this attachment of the septal cusp of the tricuspid valve which determines that the part of the membranous septum that is situated in front and below the cusp is related to the right ventricle, whereas the part that lies behind and above is related to the right atrium. The vestibule of the left ventricular outflow tract as well as the root of the aorta is, therefore, one of the most important relations of the medial wall of the right atrium that is at risk during such procedures as transseptal puncture, and will be described in detail in a subsequent communication (Walmsley and Watson, 1966) .
The outflow tracts of the right and left ventricles have a close anatomical relationship to each other. As the terminal part of the right ventricular outflow tract ascends, it comes to lie increasingly more on the left side of the heart, and in this region the two outflow tracts are separated by the anterior wall of the aortic vestibule, which is constituted mainly by the muscular part of the interventricular septum: though the septum is composed mainly of left ventricular myocardium, it also derives a contribution from the musculature ofthe right ventricle. As the right ventricular outflow tract ascends to a higher level than the outflow tract of the left heart, the pulmonary valve, therefore, lies at a higher level than the aortic valve, and it is for this reason that the highest part of the infundibulum is related to the commencement of the ascending aorta. As has been previously stated, the right posterior cusp is the lowest of the three cusps of the aortic valve. It is this oblique orientation of the cusps of the aortic valve that determines the multiplicity of close anatomical relationships in the region of the right posterior (non-coronary) cusp of the aortic valve. Sections that pass through the right posterior aortic cusp (and sinus) (Fig. 14) reveal the nearness of the infundibulum and the commencement of the aorta, and the relationship of the right and left atria to each other and to the upper part of the left ventricular outflow tract-the aortic vestibule or subaortic region as this important part of the heart now tends to be called. 
